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PLATES 55  TO  58. 
Many  of  the  misconceptions  in  regard  to  the  morphology and 
biology of the malarial parasite have risen, I  believe,  from the  fact 
that  the  majority  of  observers  have  believed  the  parasite  to  be 
intracellular or submerged beneath the surface of the red corpuscle, 
and that each parasite grew up and completed its life cycle within a 
single red corpuscle, the segmentation of the parasite corresponding 
with the final destruction of the red corpuscle. 
I have shown in previous publications I that the malarial parasite in 
the course of its development destroys several red corpuscles, migrat- 
ing from one to  another, and that  when it is not free in the blood 
serum, it is attached to the outer surface of the red corpuscle.  As 
Laveran  2 describes it, the parasites are " now free in the blood, now 
adherent to blood corpuscles." 
The Method by Which the Malarial Parasite Secures Attachment 
to the Surface of the Red Corpuscle.--The parasite  attaches  itself 
to the outer surface of the red corpuscle by means of pseudopodia 
encircling  a  portion  of  the  hemoglobin  substance  which  has  been 
squeezed up by the parasite  into  a  mound with a  circular base and 
a more or less rounded apex.  The pseudopodia encircle the mound 
* Aided  by  a  grant  from  The  Rockefeller  Institute  for  Medical  Research. 
Received for  publication,  March  29,  I9I 5. 
x Rowley-Lawson, M., Arch.  Int.  Med.,  1912, ix, 420; ]our.  Exper. Med.,  1913, 
xvll, 324;  I914,  xix,  450, 523. 
2Laveran,  A.,  Paludism,  translated  by  Martin,  J.  W.,  London,  I893,  12. 
584 Mary R. Lawson.  585 
at its base.  The corpuscular mounds may be encircled by a  single 
pseudopodium or  by  two  pseudopodia meeting and  fusing. 
I  believe that the first pseudopodia thrown out arise from the cy- 
toplasm of the parasite near the nucleus.  Other  (accessory)  pseu- 
dopodia may be thrown out from any part of the cytoplasm, when- 
ever it becomes necessary for the parasite to secure a firmer hold on 
the red corpuscle; i.  e.,  when a  corpuscular mound to  which it  is 
attached becomes dehemoglobinized  (decolorized),  or as  the para- 
site increases in size. 
A very young parasite may find it necessary to use its entire cyto- 
plasm in order to encircle a  corpuscular mound, thus giving the ap- 
pearance, when attached to a surface mound, of a very slender ring 
with a  chromatin dot.  When a  corpuscular mound encircled by a 
young parasite  is  viewed from above,  the characteristic  ring-form 
parasite picture is seen. 
Young Parasites Attached to Peripheral Corpuscular  Mounds.-- 
(Figures  I  to  IO.)  The  above  interpretation  of  the  ring-form 
parasite  is  confirmed  by  seeing  the  mounds  of  corpuscular  sub- 
stance projecting at the periphery of the red corpuscles encircled by 
the pseudopodia of the parasites. 
The encircling pseudopodia may be wholly or in part obscured by 
the  nuclei  of  the  attached  parasites;  but  frequently  they  may  be 
traced around the peripheral mounds  (figures  I  and  IO). 
Peripheral corpuscular mounds encircled by young parasites  are 
best seen when the corpuscle is newly invaded and the hemoglobin 
of the mound entirely or nearly intact.  As a  rule, the corpuscular 
mounds are  rapidly decolorized, proceeding as  the parasite digests 
the hemoglobin.  The various stages between the unaltered deeply 
colored mounds and  those  which are  entirely  decolorized may be 
observed (figures I to IO).  Rarely the red corpuscle is decolorized 
before the corpuscular mound. 
The decolorized corpuscular mound has  been called the "achro- 
matic area"  and "milky zone," and many observers have believed 
it to be an essential part of the parasite. 
As  additional  proof  of  the  extracellular  relation  of  the  young 
parasites to the red corpuscle, the nuclei or the protoplasm may often 
be seen to project beyond the periphery of the red corpuscle (figures 
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Pigment in Connection with Young Parasites.--The secretion of 
pigment by the young tertian parasites  seems to  follow no known 
rule.  Its  first appearance,  even in  the parasites  of  a  single blood 
smear, is variable.  The decolorization of a  corpuscular mound  (or 
even of an entire red corpuscle)  may be complete without the ap- 
pearance of any demonstrable pigment in the young parasite attached 
to  it  (figure  6,  see  parasite  at  o),  and  a  young parasite  without 
pigment may be of larger growth than a parasite with pigment.  And 
one may see two parasites apparently of equal growth, one with and 
one without pigment  (compare parasites without pigment in figures 
I, 3, and 5, with the parasite showing a pigment granule at o in figure 
2).  And in'instances of multiple infection of corpuscular mounds 
by two young parasites of an apparently equal growth, only one of 
these parasites may show pigment  (figure 7)- 
This irregularity as to the time when the first pigment appears in 
the  individual young parasite  may have no significance other  than 
that certain parasites are slower than others in securing attachment 
to the red corpuscles, and it may be that some of the parasites  are 
less active than others in the secretion of pigment. 
While the presence of pigment in the young parasite has a  posi- 
tive value, its absence does not mean that the parasite has not done 
its share of injury to  the red corpuscle. 
Infection  of  Corpuscular  Mounds  by  More  than  One  Young 
Parasite.--Infection of  corpuscular mounds by two  or more para- 
sites may be seen (figures 4, 5, x, 6, x, and 7).  It has no significance 
other than accidental occupation.  Parasites occupying the one cor- 
puscular mound are usually of one brood and, therefore, in the same 
stage of development; but parasites of varying ages may also be seen 
occupying the one corpuscular mound  (figure 6,  x). 
In multiple infections of corpuscular mounds the parasites proceed 
with the  destruction of the mounds  in the same  way as  do  single 
parasites. 
Adult  Tertian  Parasites  Attached  to  Peripheral  Corpuscular 
Mounds.--(Figures  II  to  72,  and 75  to  lO8.)  While several ob- 
servers have conceded that the young parasite  may be extracellular 
for a  certain time, there has been, with but  few exceptions, quite a 
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site  is  always  intracellular.  I  have  been  asked  several  times  if  it 
was possible to demonstrate any appreciable number of adult tertian 
parasites  attached  to  peripheral  corpuscular  mounds.  These  in- 
quiries led to an exhaustive study in search of the same. 
Adult parasites  are usually seen attached to surface mounds; but 
peripheral mounds may be overlooked or not recognized, except by 
the expert observer.  Here and there you find adult tertian parasites 
attached  to  perfectly  recognizable  peripheral  corpuscular  mounds. 
I  believe that adult tertian parasites attached to peripheral corpuscu- 
lar mounds are only to be found in appreciable numbers in any one 
smear, soon after a parasitic migration when the infected red corpus- 
cles are not badly damaged; then the peripheral mounds may show 
more  or  less  of  hemoglobin content.  But  such  a  condition  is  so 
transient that you may have to search  for days  and examine many 
specimens before you find what you want. 
Corpuscular mounds are quickly dehemoglobinized by adult para- 
sites  (figures 5o at o, 65, 69 to 73, and  lO5 to  lO8) ; I t~elieve more 
quickly than by the young parasites. 
If the tertian malarial parasites were attached to but one red cor- 
puscle during their life time and did not migrate to  fresh red cor- 
puscles,  I  believe  that  it  would  be  practically  impossible  to  find 
peripheral corpuscular mounds in connection with the adult parasites. 
The adult tertian parasites follow the same procedure in attaching 
themselves to the red corpuscles as do the young parasites.  Primary 
and  accessory  pseudopodia  encircle  surface  mounds.  As  a  rule, 
the pseudopodia  which encircle  the peripheral  corpuscular  mounds 
arise from the cytoplasm of the parasites in the vicinity of the nuclei, 
as is the case with the young parasites. 
The bases of some of the corpuscular mounds in connection with 
the  adult  parasites  are  more  constricted  than  is  usual  with  the 
mounds seen  in connection with  the  young tertian  parasites;  i.  e., 
figures  12,  2o,  21,  and  23 .  This  would  indicate  greater  strength 
exerted  by  the  adult  parasites  when  encircling  the  corl~uscular 
mounds. 
The nuclei of the adult parasites usually hide from view the encirc- 
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circling the peripheral mounds (figures I I,  i2,  i3,  14,  16, 27, 32, 39, 
52, 56, 57, 59, 6I, 69, 73, 75, 76, 77, 79, 96, 97,  ioi,  Ioe, and Io6). 
The nuclei of the adult parasite often extend beyond the periph- 
ery  of  the  red  corpuscle  (figures  I2  and  14,  76  and  79),  which 
would not be the case were the parasite intracellutar.  And some of 
the adult parasites are so attached to the surface of the red corpuscle 
that even to the untrained eye they admit of no other interpretation 
than that they are attached to the outside of the red corpuscle (figures 
-t and Io9). 
Pigment in  Connection with Adult  Parasites.--Adult  parasites, 
apparently in  similar  stages  of development, may show not only a 
variation in  the amount of pigment secreted, but a  variation  in the 
size  and  shape  of  the  granules.  Various  explanations  have  been 
given to account for this,  but I  shall not enter into  a  discussion of 
them in this paper. 
Multiple Infection of Corpuscular Mounds by Adult Parasites.- 
More than one adult parasite may be seen to be attached to a single 
corpuscular mound  (figures  18,  19,  44,  63,  72,  86,  87,  and  IOO). 
As  is  the case with the young parasites,  adults  occupying the  one 
mound may be in similar or varying stages of development.  Their 
occupancy of the one mound I  believe to be accidental. 
I  have never found any evidence of the conjugation of malarial 
parasites.  Two parasites attached to one surface mound, with their 
pseudopodia  encircling it  superimposed,  when  viewed  from  above 
might  give  an  appearance  of  conjugating  parasites,  provided 
one believed the parasites  to  be  intracellular; but  when one knows 
that they are attached to the one corpuscular mound on the surface 
of the red corpuscle, then their position in relation to each other is 
easily explained. 
Mounds of hemoglobin substance projecting out at the periphery 
of the red corpuscles, encircled by the pseudopodia of the two adult 
parasites, assist in the interpretation of the surface mounds encircled 
by two adult parasites. 
The infected red corpuscles in the pictures which I  have selected 
to illustrate this article show no evidence of crenation or other tech- 
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SUMMARY. 
I.  The malarial parasite is extracellular  throughout its entire life 
cycle; that is,  when it is not free in the blood serum, it is attached 
to the external surface of the red corpuscle. 
2.  Adult parasites  follow the same procedure in attaching them- 
selves  to  the  outer  surface  of  the  red  corpuscles  as  do  the  young 
parasites. 
3-  Adult parasites  are  most  frequently  seen  attached  to  surface 
corpuscular  mounds. 
4.  Corpuscular mounds projecting at the periphery of the red cor- 
puscles  and  encircled  by  the  pseudopodia  of  adult  parasites,  are 
proof positive  of the extracellular  relation  of the adult parasite  to 
the  red  corpuscle. 
5-  Adult parasites  attached to peripheral corpuscular mounds are 
only found in appreciable numbers when the red corpuscles are not 
badly damaged, so that the mounds show more or less hemoglobin 
content. 
6.  The nuclei or protoplasm of adult parasites  extending beyond 
the periphery of the red corpuscles is additional evidence of the ex- 
tracellular  relation  of  the  parasites  to  the  red  corpuscle. 
EXPLANATION  OF PLATES. 
PLATE 55. 
TERTIAN MALARIAL PARASITES ATTACEED TO PERIPHERAL CORPUSCULAR MOUNDS. 
Magnification,  X  1,9oo. 
FIG. I.  A  young parasite attached to a peripheral corpuscular mound.  The 
pseudopodium may be seen encircling  the mound. 
FIG. 2.  A  young parasite attached to a peripheral corpuscular mound.  A 
pigment granule may be seen at o. 
FIG.  3.  A  young parasite  attached to a partly  decolorized corpuscular mound. 
FIG. 4.  Two young parasites  attached to one peripheral corpuscular mound. 
The nucleus of one parasite partly overlies that  of the other parasite,  giving the 
appearance  of  one large nucleus,  but  a  careful  examination  will show  the pres- 
ence of two parasites. 
FIG.  5-  A  young  parasite  attached  to  a  peripheral  corpuscular  mound  and 
two young parasites  attac~ed  to  a  single  corpuscular  mound  on  the  surface  of 
the red corpuscle. 
FIG. 6.  Two young parasites,  varying somewhat in size, attached to a  periph- 
eral  corpuscular  mound;  and  at  o,  a  young  parasite  attached  to  a  completely 
decolorized peripheral  mound. 590  Adult  Tertian Malarial Parasites. 
FIG.  7.  Two  tiny parasites  (it requires  the entire cytoplasm of  each parasite 
to  encircle  the  mound)  attached  to  a  decolorized  peripheral  mound.  One  of 
the parasites shows  a  granule of pigment at x. 
FIG.  8.  A  young  parasite  attached  to  a  peripheral  mound  which  is  almost 
decolorized.  A  granule of pigment may be seen in connection with the parasite. 
FIG.  9-  A  young parasite attached to a  decolorized  peripheral mound. 
FIG.  IO.  A  young  parasite  attached  to  an  almost  decolorized  peripheral 
mound.  A  careful  examination  will  show  the  encircling  pseudopodium  on  the 
under  surface  of  the mound. 
FIG.  II.  Two  parasites  attached  to  peripheral  corpuscular  mounds;  one  of 
the parasites is much smaller than the other. 
FIGS.  12,  13,  and  14  .  Adult  parasites  attached  to  peripheral  corpuscular 
mounds.  The pseudopodium  of each parasite may be seen encircling the mound. 
FIGS.  15,  16,  and  17.  Adult  parasites  attached  to  peripheral  corpuscular 
mounds.  Figure  15  shows  the  nucleus  of  the  parasite  overlying  the  encircling 
pseudopodium.  In  figure  16  the  pseudopodium  may  be  seen  on  the  under  sur- 
face  of  the mound.  In  figure  17  the nucleus  of  the  parasite  partly  overlies the 
encircling pseudopodium. 
FIGS.  18 and  19.  Two  adult parasites  attached  to  the  one  peripheral  corpus- 
cular mound. 
FIG.  20.  An  adult  parasite  attached  to  a  peripheral  mound.  The  mound  is 
somewhat constricted at the base. 
FIG.  2I.  An  adult  parasite attached to  what is  really a  surface  mound,  with 
the  periphery  of  the  corpuscle  so  turned  over  that the  surface  mound  presents 
as  a  peripheral mound.  This  mound  is  somewhat constricted  at the base. 
FIGS. 22, 23, 24, 25, and 26.  Adult parasites attached to peripheral corpuscular 
mounds.  Figure 23 shows two peripheral mounds, one of them being very much 
constricted at its base. 
PLATE 56. 
ADULT TERTIAN MALARIAL PARASITES ATTACHED T0  PERIPHERAL CORPUSCULAR 
MOUNDS. 
Magnification, X  1,90o. 
FIGS.  27  to  5  O.  Adult  parasites  attached  to  peripheral  mounds.  Figures  29 
and 33 show each parasite attached to two peripheral mounds.  Figure 5o shows 
an  entirely decolorized  mound  at o.  Figure 44  shows  two  parasites  attached  to 
one peripheral mound. 
PLATE 57. 
ADULT TERTIAN MALARIAL PARASITES ATTACHED TO THE  EXTERNAL SURFACE OF THE 
RED  CORPUSCLES. 
Magnification, )< 1,90O. 
FIGS.  51  to  59.  Adult parasites  attached  to  peripheral mounds. 
FIG.  6o.  An adult parasite attached to  what is really a  surface mound.  The 
periphery of the corpuscle is turned  over so that the  surface  mound presents  as 
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FIGS. 6I  and  62.  Adult parasites  attached  to  partially  decolorized peripheral 
mounds. 
FIG.  63.  Three  parasites  attached  to  one  peripheral  mound.  The  mound is 
much decolorized. 
FIG.  64.  An  adult  parasite  attached  to  a  partially  decolorized  peripheral 
mound. 
FIG. 65.  An adult parasite  attached  to  a  decolorized corpuscular  mound. 
FIG. 66.  An adult parasite  attached  to a  peripheral mound.  The mound shows 
a  partial  decolorization. 
FIGS. 67  and  68.  Adult  parasites  attached  to  peripheral  corpuscular  mounds 
which have been  partly dehemoglobinized by the action of the parasites. 
FIGS. 69,  7o,  and 7I.  Adult parasites  attached  to  completely decolorized cor- 
puscular  mounds. 
FIG. 72.  Two adult parasites  attached to a  completely decolorized corpuscular 
mound. 
FIG. 73-  An adult parasite  attached  to  a  decolorized corpuscular  mound. 
FIG.  74.  An  adult  parasite  attached  to  the  surface  of  the  red  corpuscle  in 
such  a  manner  that  even  the  most  skeptical  observer  would  not  think  it  to  be 
other than  extracellular. 
PLATE 58  . 
COLORED PHOTOGRAPHS OF THE PARASITES SHOWN IN  PLATES 55,  56,  AND 57. 
Magnification, X  1,9oo. 
FIG.  75.  (Corresponds  to  figure  ii.)  Two  parasites  in  varying  stages  of 
development attached to peripheral corpuscular  mounds. 
FIGS. 76, 77, 78,  and  79.  (Correspond  to  figures  I2,  I3,  28,  and  I4.)  Adult 
parasites  attached  to  peripheral  corpuscular  mounds.  The  pseudopodia  of  the 
parasites  in figures 76, 77, and  79 may be seen encircling the mounds. 
FIG.  8o.  (Corresponds  to  figure  15.)  Adult  parasite  attached  to  a  periph- 
eral mound.  The nucleus of the parasite  overlies the encircling pseudopodium. 
FIG. 8I.  (Corresponds  to figure I6.)  An adult parasite attached  to a  periph- 
eral mound.  The  pseudopodium  may be seen  encircling the mound. 
FIGS. 82, 83, and 84.  (Correspond  to figures  I7, 20,  and 22.)  Adult parasites 
attached to peripheral mounds.  Figure 83 shows the base of the mound to which 
the parasite  is attached  to be slightly constricted. 
FIG. 85.  (Corresponds  to  figure 2i.)  An  adult  parasite  attached  to  what is 
really a  surface mound.  The  periphery  of  the  red  corpuscle  is  turned  over  so 
that the surface mound  presents  as  a  peripheral mound. 
FIGS.  86  and  87.  (Correspond  to  figures  I8  and  19.)  Two  adult  parasites 
attached  to one corpuscular  mound. 
FIGS. 88, 89,  and 9o.  (Correspond  to figures 24,  25,  and 47.)  Adult parasites 
attached  to peripheral  corpuscular  mounds. 
FIG.  9 I.  (Corresponds  to  figure  29.)  An  adult  parasite  attached  to  two 
peripheral corpuscular mounds. 
FIGS. 92, 93, and 94.  (Correspond to figures 3I, 34,  and 35.)  Adult parasites 
attached  to peripheral  corpuscular  mounds. 592  Adult Tertian Malarial Parasites. 
FIG.  95.  (Corresponds  to  figure  23.)  An  adult  parasite  attacl~ed  to  two 
peripheral  corpuscular  mounds.  One  of  the  mounds  is  very  much  constricted 
at its base. 
FIGS.  96,  97,  98,  and  99.  (Correspond  to  figures  39,  52,  41,  and  42.)  Adult 
parasites  attached  to  peripheral  corpuscular  mounds. 
FIG.  IOO.  (Corresponds  to  figure 63.)  Three parasites  attached  to  one  cor- 
puscular  mound. 
FIGS.  IOI,  102, lO3,  and  lO4.  (Correspond  to  figures  37,  61,  62,  and  40.) 
Adult parasites  attached  to more or less  decolorized corpuscular  mounds. 
FIGS.  lO5, lO6,  lO7,  and  lO8.  (Correspond  to  figures  50,  69,  70,  and  71.) 
Adult  parasites  attached  to  decolorized  corpuscular  mounds. 
FIG.  Io9.  (Corresponds  to  figure  74.)  An  adult  parasite  attached  to  the 
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